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This paper is dedicated to the estimated 10,700 people in the United States who have died during 
the COVID-19 pandemic due to housing instability and expiring eviction moratoriums – deaths 
disproportionately impacting those with pre-existing health conditions and households of color 
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 In the United States, the majority of affordable housing is unprotected by subsidies or set-
asides, yet relatively little emphasis is placed on preserving the affordability of this “Naturally 
Occurring Affordable Housing” (NOAH). Additionally, the analyses which have been conducted 
to preserve NOAH along transit investments have been studied at the transit corridor geography. 
Charlotte, North Carolina, one the fastest growing cities in the United States, is currently in the 
midst of implementing a major transit plan throughout multiple corridors in the metropolitan 
region. These growth characteristics make Charlotte an especially useful case study in how 
NOAH preservation efforts are impacted by new transit investments. Utilizing statistical and 
spatial analytical methods, this study explores how NOAH preservation analyses differ when 
executed at both the transit corridor geography and the Block Group geography. Results from 
these analyses indicate that a more granular geography enables the identification of 
neighborhoods which are best-fit to preserve NOAH. Following a comparison of the outputs of 
these analyses, recommendations are outlined which suggest that transportation and housing 
professionals be more critical of the geography they utilize when developing transit corridor 
plans. Finally, the discussion concludes with an appeal to transit corridor planners by 
encouraging them to prioritize NOAH preservation strategies that enable low- and middle-




The United States’ affordable housing crisis is a catastrophe that knows no geographic 
boundaries. According to the National Low-Income Housing Coalition, no state in the union has 
an adequate supply of affordable rental housing for the lowest income renters. Nationwide, there 
is a shortage of seven million rental homes affordable and available to low-income renters, and 
only 36 affordable rentals exist for every 100 extremely low-income renter households. Among 
these extremely low-income families, 75% are defined as severely cost-burdened – paying more 
than half of their income on rent (NLIHC, 2020). 
The inadequate supply of affordable housing inhibits the prosperity of impoverished 
households while simultaneously damaging the American economy. Children who move into 
lower-poverty neighborhoods reap the benefits that are key to reducing intergenerational poverty 
and increasing economic mobility. These benefits include greater college attendance rates, 
reduced likelihood of becoming single parents, and 31% higher average annual incomes relative 
to children growing up in high-poverty neighborhoods (Chetty et al., 2015). Additionally, 
without affordable housing, families have few opportunities to increase earnings, resulting in 
slower GDP growth. If the United States provided higher quality affordable housing, the nation’s 
GDP growth would have been 13.5% higher between 1964 and 2009. This level of additional 
growth would have led to $8,775 in additional wages per worker (Chetty et al., 2015). 
The 20th century failure of the United States’ public housing system has distorted the 
narrative of the nation’s stock of affordable housing. Publicly subsidized affordable housing 
comprises a relatively small portion of all affordable housing in the country. Naturally occurring 
affordable housing (NOAH), or unsubsidized properties which are affordable without 
protections, make up nearly 76% of the affordable housing stock in the U.S. (Reynolds et al., 
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2019) While more abundant than publicly subsidized affordable housing, it is important to note 
that NOAH properties are typically not affordable to extremely low-income renter households. 
Rather, in the past, sustaining the affordability of NOAH properties has been key to ensuring the 
housing of low- and middle-income households. As many publicly mandated restrictions are set 
to expire, housing leaders and policymakers have identified NOAH as an important source of 
housing for both low- and middle-income households (Perry-Brown, 2020). The provision of 
NOAH faces its own challenges though, as, without protections, NOAH is perpetually at risk for 
being converted to market-rate or luxury housing, or falling into a state of disrepair (Thakur et 
al., 2020). The challenge housing advocates now face is how to leverage private capital to ensure 
the preservation of NOAH. 
The preservation of housing near transit enables low- and medium-income households to 
access urban amenities (healthcare, education, employment, etc.) which promote economic 
mobility. Additionally, affordable housing located near transit significantly reduces financial 
burdens for working families who typically spend 57% of their income on housing and 
transportation (Quigley, 2017). To focus efforts on preserving affordable housing near transit, 
transportation and housing planners have advocated for utilizing the geography of transit 
corridors. Beyond housing preservation, transit corridor plans address numerous other aspects of 
the built environment including the reduction of sprawl, improving environmental quality, and 
encouraging pedestrian activity while discouraging automobile dependency. 
In November 2006, Charlotte, North Carolina, one of the nation’s fastest growing cities, 
adopted the 2030 Transit Corridor System Plan. This plan consists of multiple transit investments 
in corridors which would “support economic growth in a way that encourages sustainable 
environments, improves quality of life, and attracts business and people to the region.” To assist 
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in carrying out this goal, Charlotte has developed transit-oriented development (TOD) zoning 
districts which are unique to land within a one-half mile walking distance of transit stations. 
These districts include several zoning policies, including parking standards and height bonuses, 
which encourage the maintenance of affordable rents (City of Charlotte, 2019). While utilizing 
the geography of transit corridors promotes more equitable TOD, it does not allow transportation 
and housing experts to evaluate affordable housing preservation strategies at a more granular 
scale. To investigate the importance of geographic scale in efforts to preserve unprotected 
affordable housing, this paper considers Charlotte as a case study and asks the question: 
Do transit corridor geographies impact the identification of Charlotte neighborhoods which are 




Transit-oriented development, a cornerstone of Charlotte’s 2030 Corridor System Plan, 
promotes the creation of dense, walkable, and mixed-use development near transit that attracts 
people to “vibrant, connected communities (U.S. DOT, n.d.).” The United States Department of 
Transportation (U.S. DOT) asserts that when growth is focused around transit stations, cities can 
capitalize on public investments to secure TOD’s many benefits. These benefits include 
improved safety for pedestrians and cyclists, increased revenue for transit systems, revitalization 
of neighborhoods, congestion relief, and the integration of public and private sector investments. 
Also noteworthy is the promise for a larger supply of affordable housing. Successful TODs 
primarily occur when regional or local governments encourage their development through land 
use planning, zoning laws, and changes to building codes (U.S. DOT, n.d.). It is often the case 
that TOD plans come with an extensive list of expectations that are imagined as a cure-all for 
urban ills (Atkinson-Palombo et al., 2011). These objectives are often not aligned with each 
other. Especially concerning is the growing belief among scholars that many TOD plans being 
drafted around the country may have negative consequences for low-income groups by 
increasing land and housing costs leading to gentrification and displacement (Grady et al., 2006). 
Charlotte’s creation of Transit-Oriented Development Districts indicate that the city is 
following U.S. DOT’s guidance in tailoring land use and zoning laws to promote TOD. 
According to the city, Charlotte’s TOD Districts encourage and enable the development of 
moderate to high-intensity, compact, mixed-use urban neighborhoods near transit stations where 
people can live, work, shop, dine, and pursue cultural and recreational opportunities while 
enjoying a range of mobility choices. In addition to limiting “auto-centric” uses, the districts’ 
development standards are designed to create a network of pathways (streets, sidewalks, bicycle 
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paths) to connect city residents to transit stations (City of Charlotte, 2019). While the majority of 
routes in the Charlotte Area Transit System (CATS) are for local bus service, TOD districts are 
“intended for use near rapid transit stations and streetcar stops.” These rapid transit stations are 
defined as stations where passengers “embark and disembark along a rapid rail line or a bus rapid 
transit stop (City of Charlotte, 2019).” Using this definition of rapid transit stations, TOD 
Districts can be built near CATS light rail, streetcar, and bus rapid transit (CATS, 2020). While 
many TOD plans follow the construction of transit lines, some cities, including Phoenix and 
Pasadena, have enacted TOD zoning in anticipation of future light rail transit (Atkinson-Palombo 
et al., 2011). Charlotte’s TOD Districts similarly promote enacting TOD zoning for “future 
transit station areas.” 
The TOD Districts plan includes several explicit zoning rules which promote the 
development of affordable housing. One of the five main goals for Charlotte’s TOD Districts is 
to “support a diversity of housing choices with access to daily services, employment, and 
transit.” Several incentives are provided in the form of height bonuses for developers who set 
aside space for affordable units (City of Charlotte, 2019). Incentives which specifically mention 
the provision of affordable housing include: 
1. Devoting a percentage of the building to on-site affordable-housing units; 
2. Developing affordable units on another site within half-mile of a transit stop; 
3. Donate land within half-mile of a transit stop for affordable housing;  
4. Write a check for $4.75 for each square foot added within the taller building. This money 
would be put into the city’s Housing Trust Fund – the primary source for affordable housing 
construction and preservation in Charlotte.  
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If a developer provides one or more of the above affordable housing incentives, they are allowed 
to build above the height which TOD zoning districts typically allow (Fahey, 2019). 
Height bonuses in Charlotte’s TOD Districts encourage setting aside space for affordable 
units, but the plan does not outline land use or zoning policies which protect NOAH. As NOAH 
comprises 76% of the nation’s entire affordable housing stock, it is important to consider how 
this omission might impact low- and medium-wage households. Of the almost 10.9 million 
market-rate multifamily units in the top 54 metros in the United States, 34%, or 3.7 million units 
are categorized as NOAH (Nordby et al., 2017). Several key characteristics of NOAH allow it to 
be more affordable for renter households. NOAH buildings tend to be smaller, older, and under 
more development pressure than higher-end buildings. The stock of NOAH housing is generated 
through the deterioration or degradation of existing higher-end properties that have gone through 
their normal life cycle. In addition to capital improvements which prevent properties from falling 
into the categorization of NOAH, redevelopments projects also limit the availability of 
unsubsidized housing. Redevelopment projects, in which NOAH properties are often demolished 
to allow for new developments, create a significant loss of units. This trend, in addition to 
building obsolescence and inadequate unit supply, has contributed to an overall stagnation or 
decline of NOAH (Nordby et al., 2017). 
NOAH is also difficult to preserve because developers and owners lack the resources to 
protect affordable housing. Federal resources, such as the Low-Income Housing Tax Credit 
(LIHTC) and Housing Choice Voucher programs, are under stress. Federal tax reform has 
reduced the pool of money which state housing authorities can use for LIHTC, while Housing 
Choice Voucher programs have long wait lists for potential residents. Furthermore, non-profit 
and for-profit affordable housing developers lack the unique expertise and capital required to 
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preserve NOAH. Finally, in most cases, current owners do not see the incentive in maintaining 
rent affordability (Bhatia et al., 2018). Owners of NOAH properties believe that they will be able 
to sell their properties at high prices in the future, and have little interest in partnering with 




3.1 Data Preparation 
 Traditionally, TOD analyses which consider the creation or preservation of affordable 
housing have been executed at the corridor-level geography. Consequently, the existing toolkit 
available to transit and housing planners only provides results at this resolution. In order to 
produce results at a finer resolution, an existing NOAH preservation tool, the Corridor Housing 
Preservation Tool (CHPT), was modified to be utilized at the Census Block Group geography. 
The CHPT, developed at the University of Texas at Austin, was created with goal of dismantling 
spatial inequality by incorporating “strategic opportunities for housing preservation into transit-
oriented development planning” (Mueller et. al, 2018).  Using a common tool for the NOAH 
preservation analyses allowed for the direct comparison of outputs at both the corridor-level 
geography and the Block Group-level geography. While the use of the CHPT required some 
modifications at the Block Group-level, the majority of methods utilized were consistent 
between the corridor-level geography and the Block Group-level geography. For simplicity, the 
term “study area” will be used when describing methods common to both geographies. Any 
cases in which the CHPT was modified to be used at the Block Group-level geography will be 
explicitly mentioned.  
 The study area boundaries included in the CHPT analysis were identified using four 
transit routes of existing or planned CATS light rail/streetcar lines. These rail lines are referred to 
as CATS “LYNX” lines. The four LYNX routes include three light rail lines (LYNX Blue Line, 
LYNX Red Line, LYNX Silver Line) and one streetcar line (CityLYNX Gold Line). It is 
important to note that only the LYNX Blue Line and LYNX Gold Line are currently operational. 
The LYNX Red Line and LYNX Silver Line routes were provided as provisional routes by the 
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City of Charlotte’s Department of Planning, Design, and Development. Along these LYNX 
routes are TOD Districts which are intended to “encourage and enable the development of 
moderate to high-intensity, compact, mixed-use urban neighborhoods near transit stations where 
people can live, work, shop, dine, and pursue cultural and recreation opportunities while 
enjoying a range of mobility options” (City of Charlotte, 2019). These TOD Districts include set 
asides for subsidized rental units, yet nonetheless exemplify the category of “transit or economic 
development plans [which might] spur redevelopment” of existing NOAH (Mueller et. al, 2018). 
Utilizing the same method outlined by the CHPT, in addition to Charlotte’s own 
recommendation, study area boundaries were defined using Census Block Group centroids 
within a ½ mile radius of transit lines. This ½ mile buffer represents the distance that most 
residents are willing to walk to reach transit lines. The transit corridor study areas, and their 
respective Block Groups, are shown in Figure 1. It is important to note that the four transit 
corridors each overlap in some capacity as they approach Uptown Charlotte. 
 
Figure 1: Transit corridor study areas (including Block Group study areas) 
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The CHPT considers three questions which directly impact efforts to preserve NOAH:  
1. Which locations provide the greatest benefit to low-income renter households? 
2. How many renter households are vulnerable to displacement in each corridor? 
3. How urgent is the need to act in each case? 
These questions are addressed utilizing three metrics: 1) Transit Access to Job Opportunities, 2) 
Vulnerable Affordable Rental Housing, and 3) Redevelopment Pressure and Timing.  
The first metric, transit access to job opportunities, evaluates locations “based on the 
access they provide low-income renters to likely employment locations via transit commuting” 
(Mueller et. al, 2018). While the CHPT typically utilizes data accessed from the EPA Smart 
Location Database to determine the average number of jobs accessible from each study area, 
CATS, unlike many transit systems throughout the country, does not share this data publicly. To 
generate an estimate of jobs accessible from each study area, a transit Network Analysis was 
developed in ArcGIS Pro utilizing public-facing General Transit Feed Specification (GTFS) 
data. GTFS is frequently used in research on transit accessibility for its ability to estimate travel 
times by transit at different times of the day. In this study, transit sheds were created for each 
study area using a 45-minute Monday morning commute time of 8 A.M. The total number jobs 
contained within a study area’s transit shed was used to replace the CHPT values typically 
accessed from the EPA Smart Location Database.  
Once the total number of jobs contained within a study area’s transit shed was calculated, 
the share of accessible jobs that are specifically low- and medium-wage jobs was derived to 
“focus on jobs paying salaries consistent with the income levels of renters earning under 50% of 
the regional Median Family Income (MFI)” (Mueller et. al, 2018). Census Block Group-level 
Longitudinal Employer-Household Dynamics (LEHD) employment data within each study area 
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was used to estimate the share of accessible jobs paying less than $3,333 per month. Finally, for 
each study area, the share percentage was multiplied by the number of total jobs accessible to 
estimate the average number of low- and medium-wage jobs accessible via transit. 
Jobs accessible within 45 min. transit commute X (low- & medium-wage jobs in study 
area transit shed/total jobs in study area transit shed) 
The second metric, vulnerable affordable rental housing, assesses the current stock of 
affordable rental housing “vulnerable to loss, either through redevelopment, expiration of 
subsidies, or reposition due to market pressure” (Mueller et. al, 2018). Utilizing data from the 
U.S. Census American Community Survey 5-year estimates, the total number of affordable 
rental units – regardless of protective subsidies – was calculated for each study area. 
Additionally, using data from the National Preservation Database, the number of units protected 
by long-term subsidies was determined. To narrow in on NOAH units, rentals protected by long-
term subsidies were subtracted from the total affordable rental units in each study area. This 
metric was normalized by the geographic region of each study area to allow for the comparison 
of study area scores in terms of vulnerable units per acre. 
(Total affordable rental units – subsidized affordable units) / corridor area acreage 
 The third metric, redevelopment pressure and timing, quantifies the value of recent 
redevelopment activity in each study area while also determining how quickly multifamily 
parcels are expected to redevelop in the next 5 years. Charlotte building permit data, accessed 
from the Mecklenburg County Land Use and Environmental Services Agency, “reflects the 
ability of developers to act in the current regulatory context” (Mueller et. al, 2018). These 
permits values were aggregated and normalized by acreage to indicate development pressure in 
each study area. Next, using multifamily parcel-level appraisal data (land value, improvement 
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value, year built), the timing of development pressure was incorporated into the metric with the 
use of the Envision Tomorrow extension on ArcGIS. Envision Tomorrow is a widely-used 
scenario planning software plugin that “identifies parcels that are likely candidates for 
forthcoming redevelopment” (Envision Tomorrow, n.d.). The multifamily parcels with land 
values expected to exceed their aging improvement values within the next five years were 
identified in each study area as the parcels likely to redevelop first. The redevelopment pressure 
and timing metric was calculated as “the share of total multifamily parcel area identified as ‘ripe’ 
for redevelopment” by Envision Tomorrow weighed by the permit values for each study area, 
normalized by the geographic area of each study area.  
% Multifamily parcel area expected to redevelop in next 5 years  
X  
(aggregate permit value in study area/corridor area acreage) 
 While this third metric was successfully calculated for each Charlotte transit corridor, a 
significant number of Block Groups contained no available multifamily parcel data. 
Accordingly, each transit corridor has a unique value for the third metric, while only Block 
Groups which contained multifamily parcel data have a unique value for the third metric.  
 Data Source Purpose 
Part 1: Transit 
access to low-wage 
jobs 
1) Jobs within 45-minute 
transit commute from each 
study area 
2) Jobs paying less than 
$40,000/year 
1) Charlotte Area Transit 
System (CATS), General 
Transit Feed 
Specification (GTFS) 
2) EPA Smart Location 
Database, US Census 
Longitudinal Employer-
Household Dynamics 
1) Estimate job accessibility 
from each study area 
2) Calculate the share of 
accessible jobs that are 
low/medium-wage jobs 
Part 2: Vulnerable 
affordable rental 
housing 
1) Affordable rental units for 
each study area 
2) Affordable rental housing 
1) US Census American 
Community Survey 5-
year estimates 
1) Estimate the total 
affordable rental units in 
each study area 
2) Estimate the affordable 
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units with subsidies in place 
beyond 10 years 
2) National Preservation 
Database 
rental housing units in each 




pressure and timing 
1)  Building permits, 2015-
2020 
2) Multifamily parcel-level 
appraisal data (land value, 
improvement value, year 
built) 
1) Mecklenburg County 
Land Use and 
Environmental Services 
Agency 
2) Mecklenburg County 
Polaris 3G 
1) Quantify value of recent 
development activity in each 
study area 
2) Identify multifamily 
parcels most likely to 
redevelop within 5 years 
Table 1: Data sources utilized for each metric of the Corridor Housing Preservation Tool 
(Mueller et. al, 2018) 
3.2 Methods of Analysis 
The CHPT reclassifies study area scores to a scale of 0-10 where the highest study area 
score is reclassified to 10, and all other values are rescaled to their proportionate values between 
0 and 10 (Mueller et. al, 2018). For the transit corridor study areas, the index can be interpreted 
as the sum of its three parts as well as by comparing each part individually. Due to the significant 
missing data for the third metric, the Block Group output is best interpreted by simply comparing 
each metric individually. This method of interpreting each metric individually is beneficial to 
identify Block Groups which score especially high in any one of the three metrics. For example, 
interpreting the metrics individually allowed for the identification of Block Groups which are 
especially beneficial for low-income transit commuters, which have the largest supply of 
vulnerable affordable housing stock, or which are under the most pressure of imminent 
redevelopment. Maps, box plots, and descriptive statistics were produced to aid in the 
comparison between transit corridor results and Block Group results. The maps and statistical 
outputs help to visualize the spatial disparities between the two geographies, while the box plots 
illustrate the key role Block Group outliers play in creating score discrepancies between the two 
geographies. Finally, for all three metrics, the z-scores of each Block Group were calculated to 
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identify any Block Group outliers with metric scores that were 2 standard deviations above the 
mean. It was important to calculate the z-scores to evaluate the extent to which Block Group 




4.1 Transit Corridor Geography 
 The results for the transit corridor geography include 4 scores – transit access to low-
wage employment, affordable housing vulnerability, development pressure, as well as the 















Red Line Corridor 6.0 1.5 2.5 10.0 
Blue Line 
Corridor 
10.0 6.4 3.2 19.6 
Gold Line 
Corridor 
4.8 10.0 10.0 24.8 
Silver Line 
Corridor 
7.0 5.6 4.2 16.8 
 
Table 2: Summary of transit corridor geography metric scores and total index scores 
 
 The cumulative CHPT index scores identified the Gold Line Corridor, with a total index 
score of 24.8, as the corridor study area which requires the most immediate attention to preserve 
NOAH. Of the four corridor study areas, the Gold Line Corridor faces the most intense 
redevelopment pressure and contains the greatest stock of vulnerable affordable rental units 
(Table 2). Additionally, the Gold Line Corridor has moderate transit access to low-wage 
employment for individuals living in NOAH. Conversely, the cumulative CHPT index scores 
identified the Red Line Corridor, with a total index score of 10.0, as the corridor study area 
which requires the least immediate attention to preserve NOAH. The Red Line Corridor scored 
as the corridor study area facing the least intense redevelopment pressure as well as having the 
smallest stock of vulnerable affordable rental units (Table 2). The Blue Line Corridor and the 
Silver Line Corridor received cumulative index scores of 19.6 and 16.8, respectively.  
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 While the cumulative index scores allow for the quick determination of where to focus 
NOAH preservation efforts, comprehension of the three discrete metric scores enables a more 
nuanced understanding of the cumulative scores. The figures below indicate the three metric 
scores for each of the four corridor study areas. For each metric, all four corridors were assigned 
a designation of “high”, “medium”, or “low”. For any given corridor, relative to the other three 
corridors, a “high” score signals a metric that is more important in the consideration of NOAH 
preservation efforts, while a “low” score signals a metric that is less important. 
 
Figure 2: Transit access to low-wage jobs metric scores for transit corridor geography 
 
 The first metric of the CHPT (Figure 2), transit access to low-wage employment, 
identified three corridor study areas as having high access to low-wage jobs and one corridor 
study area as having medium access to low-wage jobs. The Blue Line Corridor had the highest 
access to low-wage employment with a metric score of 10.0, followed by the Silver Line 
Corridor (7.0), Red Line Corridor (6.0), and Gold Line Corridor (4.8). None of the four corridor 




Figure 3: Vulnerable affordable rental housing metric scores for transit corridor geography 
 
 The second metric of the CHPT (Figure 3), vulnerable affordable rental housing, 
identified two corridors as having a high score for vulnerable affordable rental housing units, one 
corridor as having a medium score, and one corridor as having a low score. The Gold Line 
Corridor had the highest metric score for vulnerable affordable rental units with a score of 10.0, 





Figure 4: Redevelopment pressure and timing metric scores for transit corridor geography 
 
 The third metric of the CHPT (Figure 4), redevelopment pressure and timing, identified 
one corridor study area as having a high score for redevelopment pressure and timing, one 
corridor study area as having a medium score, and two corridor study areas as having low scores. 
The Gold Line Corridor had the highest metric score for redevelopment pressure and timing with 
a score of 10.0, followed by the Silver Line Corridor (4.2), Blue Line Corridor (3.2) and Red 
Line Corridor (2.5).  
4.2 Block Group Geography 
While the Block Group study areas were not assigned cumulative index scores, they were 
designated individual metric scores for transit access to low-wage jobs, vulnerable affordable 
rental housing, and redevelopment pressure and timing (Figure 5). For the first metric, transit 
access to low-wage jobs, Block Groups which received medium or high scores were exclusively 
located in or near urban Uptown Charlotte, while more suburban Block Groups received low 
scores. For the second metric, vulnerable affordable rental housing, Block Groups which 
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received medium or high scores were more dispersed throughout the study area. Finally, for the 
third metric, redevelopment pressure and timing, it was difficult to identify the spatial 
distribution of medium and high scores due to the large number of Block Groups with no data.  
 
Figure 5: CHPT metric scores for Block Group geography 
 
 In all three of the metrics, the means and standard deviations for Block Groups within 
corridors were relatively low. For the first metric, transit access to low-wage jobs, no corridor’s 
Block Group mean exceeded a score of 4 (Figure 6). For the second metric, vulnerable 
affordable rental housing, no corridor’s Block Group mean exceeded a score of 2 (Figure 7). 
Last, for the third metric, redevelopment pressure and timing, no corridor’s Block Group mean 
exceeded a score of 1 (Figure 8). While these means are low, several Block Groups in each of the 
three discrete metrics received scores 2 standard deviations above the mean (z-score > 2) – the 
number of Block Groups in each transit corridor study area with a z-score > 2 is summarized in 








Figure 7: Box plot of Block Group study areas for vulnerable affordable rental housing 
 
 
Figure 8: Box plot of Block Group study areas for redevelopment pressure and timing 
 
 22 
 Transit Access to 
Low-Wage Jobs 










(total # of Block 
Groups*) 
Red Line Corridor 3 (53) 3 (53) 2 (16) 
Blue Line 
Corridor 
6 (99) 5 (99) 2 (27) 
Gold Line 
Corridor 
2 (64) 3 (64) 2 (21) 
Silver Line 
Corridor 
5 (94) 5 (94) 2 (27) 
Table 3: Number of Block Groups in each transit corridor study area with a z-score > 2  





 Traditionally, in order to increase efficiency, metropolitan and regional transit plans are 
developed utilizing a corridor-level geography. One explicitly mentioned benefit of utilizing this 
scale is that it allows regions that are planning transit corridors to gain “a better sense of what to 
expect in terms of development” while prioritizing “high-potential stations for development and 
investment” (The Center for Transit-Oriented Development, 2010). These development priorities 
may promote economic and housing development regionally, but do not attempt to evaluate any 
impact on unsubsidized affordable rental housing in communities along the corridor. The overall 
decline of NOAH units, a trend perpetuated by pressure from redevelopment projects along 
transit corridors, is limiting the availability of unsubsidized affordable housing in the United 
States. Results from this study indicate that a more localized approach better promotes the 
preservation of NOAH. Additionally, while TOD zoning plans – like those in Charlotte – may 
address local housing conditions, these plans need to better confront the challenges of NOAH 
preservation rather than simply promoting the creation of new subsidized housing.  
5.1 Evaluating the Transit Corridor Geography 
 Before comparing the geographic differences between the corridor-level and Block 
Group-level CHPT outputs, it is important to evaluate each geography individually to understand 
where and why NOAH preservation efforts should occur. The cumulative index score, calculated 
as the sum of the three metric scores, identified the Gold Line Corridor as the transit corridor 
most in need of NOAH preservation efforts. The Gold Line Corridor, relative to the other three 
corridors, has moderate transit access to low-wage jobs, the greatest supply of NOAH units, and 
is under the most immediate pressure of redevelopment. With a cumulative index score of 24.8, 
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NOAH preservation efforts in the Gold Line Corridor can be understood as having 
approximately 2.5x more value than the lowest-scoring Red Line Corridor (10.0).  
 The Gold Line Corridor, served by the CATS CityLYNX Gold Line streetcar, is the most 
urban of the four corridor-level study areas. Following its completion, the 10-mile Gold Line will 
serve 27 stops between the Eastland Community Transit Center (east of Uptown Charlotte) and 
the Rosa Parks Place Community Transit Center (northwest of Uptown Charlotte). CATS 
projects that by 2030 the CityLYNX Gold Line will carry 16,000 passengers a day to 
destinations including 4 major sporting arenas, 6 museums, and 6 college campuses. TOD 
investments include 21,800 sq. ft. of new retail space and 276,000 sq. ft. of new office space. 
 
Image 1: Overview of CATS CityLYNX Gold Line, related TOD investments, and destinations 
(Charlotte Area Transit System, 2019). 
 
 These new urban TOD investments, many of which are planned to be completed within 
five years, contribute to the significant redevelopment pressure currently facing the Gold Line 
Corridor’s NOAH. At the corridor-level geography, the Gold Line Corridor is facing more than 
twice the relative development pressure of any other corridor. Additionally, the Gold Line’s 
service of predominately older and more urban neighborhoods contributes to its relatively large 
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supply of vulnerable rental housing. HUD’s Office of Community Planning and Development 
(CPD), which “seeks to develop viable communities” by promoting decent housing and 
economic opportunities for low- and moderate-income households, aggregates data on the 
percentage of rental units built before 1980. These data indicate that the Blocks Groups served 
by the Gold Line contain some of the largest shares of rental housing units built before 1980 
throughout the entire Charlotte metro area (HUD, n.d.). One defining characteristic of NOAH is 
units being built between 1940 and 1990 (Greater Minnesota Housing Fund, n.d.); undoubtedly, 
the large share of NOAH in neighborhoods served by the CityLYNX Gold Line contributes to 
the relative importance of preserving unprotected affordable housing along the Gold Line 
Corridor.  
5.2 Evaluating the Block Group Geography 
 At the Block Group-level geography, the spatial distribution of each discrete metric 
varies considerably (Figure 5). Block Groups which scored “medium” or “high” on the first 
metric, transit access to low-wage employment, cluster in the neighborhoods in and around 
Uptown Charlotte. This spatial pattern is not attributable to the share of low- and medium-wage 
jobs being higher near Uptown Charlotte, but rather is associated with the abundance of transit 
options which transport residents to a high number of low- and medium-wage jobs. Block 
Groups which are located in and around Uptown Charlotte have access to a considerably higher 
amount of low- and medium-wage jobs compared to more suburban or rural Block Groups. The 
first metric’s formula, which calculates the share of low- and medium-wage jobs accessible via 
transit, thus scores the urban Block Groups much higher than the more rural Block Groups. 
 While a clear spatial distribution emerged for transit access to low-wage jobs, it was 
more difficult to identify a pattern for the two other metrics – vulnerable affordable rental 
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housing and redevelopment pressure and timing. For vulnerable affordable rental housing, Block 
Groups are more randomly distributed through the study area, thus indicating that there are no 
major clusters of multiple Block Groups with large numbers of NOAH located next to each 
other. Spatial patterns for the third metric, redevelopment pressure and timing, could not be 
identified due to the large number of missing data for Block Group study areas. 
5.3 Comparing the Geographies 
 In comparing the results of the corridor-level geography and Block Group-level 
geography, it is clear that Charlotte neighborhoods which are best-fit to preserve NOAH are not 
unique to an individual corridor. Block Groups which scored highly in any of the three discrete 
metrics can be found in any of the four transit corridor study areas (Figure 5). For example, in 
the case of the first metric, transit access to low-wage employment, all four corridor study areas 
contain Block Groups which scored “medium” or “high” for transit access. Simply based on 
observation of the high concentration of these Block Groups in Uptown Charlotte, it could be 
argued high transit access to low-wage employment is best defined by the geography of Uptown 
Charlotte, rather than by any single corridor.  
Considering that all four corridor study areas share the Block Groups located in Uptown 
Charlotte, future studies could exclude these overlapping Block Groups when conducting a 
NOAH preservation analysis. By excluding the Uptown Charlotte Block Groups, it might be 
possible to identify the “value add” that each individual corridor has in efforts to preserve 
NOAH. Additionally, despite missing data and less clearly defined spatial relationships, the 
vulnerable affordable rental housing and redevelopment pressure and timing metrics might also 
benefit from this method of analysis. Similar to transit access to low-wage employment, these 
two metrics both have Block Groups which scored “medium” or “high” located within the 
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boundaries of multiple transit corridor study areas. If the overlapping Block Groups in Uptown 
Charlotte were removed from a future analysis, it might aid in the evaluation of the importance 
of the transit corridor geography in NOAH preservation analyses.  
 While it is not completely surprising that the Block Groups best-fit for NOAH 
preservation are not confined to a single transit corridor study area, the large range of Block 
Group scores within a single corridor was more surprising. The relatively low mean scores for 
within-corridor variation of Block Groups in all three discrete metrics is inconsistent with the 
higher scores of the corridor-level CHPT output. Additionally, for any given discrete metric, 
transit corridor study areas with “high” scores at the corridor-level geography do not always have 
the highest mean score for the within-corridor variation of Block Group scores. For example, at 
the corridor-level geography, the Red Line Corridor was assigned a designation of “high” transit 
access to low-wage employment (Figure 2). Despite this high score at the corridor-level 
geography, the within-corridor distribution of Block Group scores reveals that the Red Line 
Corridor has the lowest mean score for transit access to low-wage jobs. These incongruent 
results appear to contradict each other, but can be partially explained by a few Block Group 
study area outliers which scored especially high in transit access to low-wage employment. The 
number of Block Group outliers more than two standard deviations above the mean (z-score > 2) 
influenced the mean of the within-corridor distribution of Block Group scores for transit access 
to low-wage employment. Despite the Red Line Corridor having “high” transit access to low-
wage employment, only three Block Groups within the corridor study area had z-scores > 2 
(Table 3). In comparison, the Blue Line Corridor and Silver Line Corridor had six and five Block 
Groups with z-scores > 2, respectively. The greater number of Block Group outliers for the Blue 
Line Corridor and Silver Line Corridor might explain their higher mean scores for the within-
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corridor distribution of Block Group scores. It is important to note that while these outliers might 
help to explain the score discrepancies between geographies, they could not be identified as the 
sole contributor to the unexpected findings. These surprising results further suggest that it is 
important to evaluate affordable housing within the transit corridor geography to identify outlier 
neighborhoods which are best-fit to preserve NOAH.  
5.4 Geography in Future NOAH Preservation Analyses 
 Prior to this study, there has been no standard methodology to evaluate how geographic 
scale impacts affordable housing analyses. In an attempt to develop a system which allowed for 
the comparison of two different geographies, the existing CHPT – originally developed for use at 
the corridor-level geography – was modified to be utilized in the comparison. Further study is 
necessary to evaluate how successful these modifications were in allowing for comparison 
between geographies. Despite the absence of a previous methodology to compare NOAH 
preservation efforts at different scales, the use of a common tool provided outputs with the same 
units enabling a comparison across geographies. As there is no single standard to defining the 
extent of transit corridors, future NOAH preservation analyses should consider conducting 
similar geographic comparisons utilizing different definitions of transit corridor geographies. In 
this study, a ½-mile buffer – the same utilized to define TOD Districts in Charlotte – was used to 
define the extent of the transit corridor study areas, but previous NOAH preservation analyses 
have utilized various definitions of transit corridors. For example, NOAH preservation analyses 
in Austin and Denver define their transit corridor study areas as “corridor districts” where 
“redevelopment plans showed the potential to displace a substantial stock of existing rental 
housing” (Mueller et al., 2018). The geography of these transit corridor study areas are more akin 
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to large neighborhoods (Image 2) than the long snake-like geography utilized in this study’s 
analysis.  
 
Image 2: Boundaries of transit corridor study areas in NOAH preservation analyses in Austin 
and Denver (Mueller et al., 2018) 
5.5 Prioritizing NOAH Considerations in TOD Planning 
In addition to considerations of geography in future affordable housing analyses, 
transportation and housing professionals need to work together to ensure that NOAH 
preservation is intentionally incorporated into transit corridor plans. Charlotte’s existing TOD 
Districts plan utilizes a scale similar to Block Groups which allows for TOD plans to be tailored 




Image 3: Geography of TOD Districts as outlined in Charlotte’s 2019 Transit Oriented 
Development Alignment Rezoning Guide (City of Charlotte, 2019) 
 
As has been highlighted in the analysis, relative to the transit corridor geography, a narrower 
TOD District geography has the potential to identify neighborhoods which have high access to 
low-wage jobs, a large supply of unprotected affordable rental units, or face an imminent 
redevelopment threat.  
While these plans and their corresponding zoning requirements do promote the 
development of new affordable housing though inclusionary zoning policies, they do not address 
NOAH preservation. Inclusionary zoning are local housing policies that “tap the economic gains 
from rising real estate values to create affordable housing for lower income families” 
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(Inclusionary Housing, n.d.). The City of Charlotte’s TOD Districts plan includes incentives 
which promote the creation of new affordable housing through inclusionary zoning. For 
example, if developers “devote 10% of Gross Floor Area of each floor” to units affordable to 
lower-income households, they are permitted to build above the zoning height restriction (City of 
Charlotte, 2019). Despite including several incentives to create new affordable units through 
inclusionary zoning, the TOD Districts plan makes no mention of preserving NOAH. 
Inclusionary zoning policies do aid in the development of new protected affordable housing 
units, but do not preserve the affordability of existing unprotected units which comprise 
approximately 76% of the United States’ entire stock of affordable housing (Reynolds et al., 
2019). As NOAH comprises the majority of affordable housing throughout the country and 
continues to face increasing development pressure, local TOD zoning plans must not ignore their 
importance; rather, when cities develop new TOD plans, they must prioritize the preservation of 
unprotected affordable rental units. 
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6 Conclusion 
 The success of efforts to preserve NOAH along transit corridors is highly dependent on 
local housing, economic, and development conditions. In considering these local factors, this 
study aimed to quantify and explore how geographic scale impacts evaluations to preserve 
unprotected affordable housing. While the transit corridor geography provides a succinct 
overview of NOAH preservation priorities, it does not consider the massive variation in transit 
access, affordable housing stock, and development pressure that occurs within a transit corridor. 
When a Block Group or transit station geography is utilized, it allows transportation and housing 
professionals to identify neighborhoods which are key to preserving NOAH. Additionally, when 
developing future transit corridor plans, cities need to consider how their definition of transit 
corridor geography might impact evaluations to preserve NOAH. For example, transit corridor 
analyses conducted at extent of an urban neighborhood may encourage NOAH preservation 
efforts in areas that are considered relatively unimportant by analyses conducted at different 
transit corridor geography. It is important that transportation and housing experts continue to 
explore how different definitions of transit corridor geographies impact efforts to preserve 
NOAH. Finally, cities need to be more intentional about incorporating policies which promote 
NOAH preservation rather than the creation of new protected affordable housing units. In a 
shrinking market for affordable housing, NOAH provides essential shelter to low- and middle-
income families; if cities hope to maintain this stock of housing, they will need to embrace it in 
future transit corridor plans. The inadequate supply of affordable housing in the United States 
will only worsen without prioritizing efforts to protect NOAH along transit investments. When 
transportation and housing planners prioritize this unprotected housing, and consider how 
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geography is a key component in analyses to preserve it, there is reason to believe affordable 
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